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SILLIMANITE GNEISS DOME, YUKON CRYSTALLINE TERRANE, ALASKA

extent of the gneiss on the west and south is poorly
known because the area is largely covered by loess,
alluvium, sand, brush, and trees, but sillimanite-
bearing rocks are known to oceur as much as 40 km
southwest of Gilles Creek (fig. 2).

North and east of the pelitic schist unit are green-
schist facies rocks (Weber and others, 1978) that con-
sist predominantly of quartzofeldspathic cataclastic
rock, semischist, greenschist, quartzite, and marble
(fig. 2). These greenschist facies rocks are probably in
thrust contact with higher grade rocks which flank
the sillimanite gneiss. A thrust is suggested by the
zone of intensely cataclasized quartzofeldspathic rock
north of the schist (fig. 2) and mylonitic textures in
greenschist facies rocks east of the pelitic schist unit,
apparent termination of isograds, and abrupt changes
in lithology.

A few Cretaceous or Tertiary, unfoliated felsic
plutons crop out in the area surrounding the gneiss
(fig. 2). No contact metamorphic aureoles have been
observed around these plutons. Incipient granoblastic
texture and sericitization of white mica, noted in sev-
eral thin sections from rocks near the large pluton
west of the North Fork of the Salcha River, suggest
that only minor thermal metamorphism has resulted
locally.

PETROGRAPHIC DESCRIPTION OF THE
ALUMINUM-SILICATE-BEARING ROCKS OF THE
SALCHA RIVER AREA

Petrographic data for the aluminum-silicate-
bearing lithologies—sillimanite gneiss, equigranular
feldspathic rock, and pelitic schist—which occur in
the Salcha River area are given in table 2, and sample
locations are shown in figure 2. Only petrographic
data for selected samples of sillimanite gneiss and
pelitic schist that are considered representative of the
aluminum-silicate-bearing rocks of the area are pre-
sented. However, petrographic data on all available
samples (7) of the equigranular rocks are given
because of significant differences among the samples.

SILLIMANITE GNEISS

Quartz, orthoclase, and plagioclase (oligoclase to
andesine) are the most abundant felsic constituents of
the gneiss, and together generally compose one-
quarter to one-half of the rock (table 2). Quartz most
commonly occurs as small, flattened lenticles 1 or 2
mm in length, alined along the foliation. Grains char-
acteristically have undulose extinction and sutured
margins, indicating that there was little recrystalli-
zation after deformation. Orthoclase (identified by X-
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ray diffraction) is present as small (1 to 2 mm in
diameter) untwinned xenoblastic grains. Perthitic
intergrowths are very rare. Plagioclase is similar in
size to quartz and orthoclase, but it is generally sub-
idioblastic. In some samples of gneiss, plagioclase is
elongate and xenoblastic, showing iron staining along
abundant fractures. Polysynthetic twins are common
and are offset by the fractures in some thin sections.
Concentric zoning is indicated in a few grains by dif-
ferential extinction. Sericitization of feldspar grains
generally is minor.

Biotite is the dominant mica, making up half or
more of the rock and giving the overall dark aspect to
the gneiss. In thin section, the grains show red-brown
to tan pleochroism. They are lens-shaped or subidio-
blastic or idioblastic, depending on the relative
amounts of recrystallization following cataclasis.
Subequant biotite grains with ragged margins are
common. Biotite is slightly altered locally to a mix-
ture of chlorite and rutile or, rarely, sericite. More
extensive alteration has been observed in only a few
thin sections, where “islands” of biotite occur in a
“sea” of sericite.

In some of the more schistose samples, particu-
larly those near the northern gneiss-schist contact
(fig. 2), muscovite is interleaved with biotite. Where
,muscovite is present, it generally makes up only a few
percent of the rock (table 1) and consists of small,
ragged grains.

Sillimanite occurs as fibrolite mats, as small
colorless needles, and as well-formed prisms (fig. 54).
All three forms are commonly observed in the same
thin section. Some bundles of fibrous sillimanite
reach up to % em in length and develop cross fractures
similar to the transverse partings of a single prism
(fig. 5B). The average length of the sillimanite fibers
or grains is 1 to 2 mm, but grains’5 mm long are
common in the center of the gneiss body. Thin, wavy
streams of fibrolitic sillimanite commonly define the
foliation. In many thin sections, sillimanite is inter-
grown with biotite, giving the impression that it is
replacing biotite. All ranges of the degree of inter-
growth of the two minerals, from minor amounts of
sillimanite needles at the edges of biotite grains to
abundant needles and mats of sillimanite within bio-
tite, can be observed in thin section (fig. 5C). In the
most advanced stages of what appears to be replace-
ment by sillimanite, biotite remains as indistinct
remnants, commonly with pale, “bleached,” tan
pleochroism. Although sillimanite is associated most
commonly with biotite, in some samples it is concen-
trated between quartz or feldspar grain boundaries.
Rarely, it is found as inclusions within quartz, ortho-
clase, and cordierite.
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Andalusite, rather than sillimanite, is the only
AlLSiO; polymorph in one sample of biotite gneiss
from the southwestern part of the gneiss body (fig. 2).
It occurs in a thin micaceous layer several millime-
ters wide as elongate xenoblasts 1 to 3 mm long, and it
shows pink pleochroism in places. Nearby samples of
gneiss contain sillimanite and no andalusite. Andalu-
site, together with sillimanite, is present in several
rocks which have equigranular textures; those rocks
are discussed in the next section.

Cordierite was identified optically in a total of
eleven samples of sillimanite-biotite-orthoclase gneiss,
most of which came from the central part of the
gneiss body (fig. 2). Petrographic identification was
confirmed by the electron microprobe. Typical
cordierite-bearing assemblages are given in table 1.
Cordierite occurs most commonly as elongate xeno-
blastic grains several millimeters in length which
include trains of minute sillimanite needles and small
biotite flakes (fig. 5D), but more equant, smaller
grains of cordierite are not unusual. Incipient altera-
tion of cordierite to pinite is present to varying
degrees in some thin sections, but overall, the cordier-
ite is relatively fresh. Local alteration of cordierite to
a serpentine-group mineral was observed in several
grains in two thin sections.

Garnet, zircon, tourmaline, apatite, and rutile, in
decreasing order of abundance, occur as accessory
minerals (table 2). Garnets are generally small idio-
blasts or granules less than 0.5 mm in diameter
around which there is little deflection of biotite folia.
Zircons are smaller than the other accessory minerals
and are most common as small inclusions with
pleochroic halos in biotite. Tourmaline is present only
locally as small (1 mm long) subidioblasts with bluish-
green to yellow pleochroism, which only rarely are
zoned. Minute, nearly opaque blebs and needles or,
rarely, yellowish to reddish-brown granules of rutile
occur in chlorite which has replaced biotite. The only
opaque mineral positively identified by means of the
microprobe is ilmenite.

EQUIGRANULAR FELDSPATHIC ROCKS

In seven different localities within the gneiss
body or, in the case of one sample, in schist just north
of the body, rocks that have equigranular, igheous-
appearing textures are found to contain sillimanite,
sillimanitetandalusite, or sillimanite+andalusite+
garnet in thin section. Textural features indicative of
both igneous and metamorphic processes are present
in these rocks. The locations of these samples are
shown on figure 2 (localities 14, 15, 17, 31, 33, 35, and
39) and their complete mineral assemblages in table

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY

2. All of the samples contain more than 30 percent
modal orthoclase, which is not an unusual amount for
the areas in which these rocks are found; nearby sil-
limanite gneiss is also high in orthoclase (see table 2
and fig. 2). In most of the aluminum-silicate-bearing
equigranular rocks, the development of sillimanite is
similar to that in the foliated rocks, in which fibrolite
is intergrown with biotite (localities 17, 31, 33, and
35), or, as in a few schist samples, has grown as a
fringe around andalusite (fig. 5E) (localities 17, and
35) or as needles within it (locality 15) indicating that
the rocks have been metamorphosed. A very subtle
alinement of biotite and muscovite grains was
observed in two samples (localities 14 and 15), and
andalusite prisms as well are crudely alined in the
sample from locality 35. Incipient cataclastic folia-
tion, suggested by a planar fabric of sutured contacts
and granulation between grains, also occurs in the
equigranular rocks from localities 14 and 15.

However, there are important differences between
the equigranular aluminum-silicate-bearing rocks
and surrounding sillimanite gneiss. Unlike the silli-
manite gneiss, many of the more equigranular rocks
are characterized by: (1) a total or nearly total lack of
preferred mineral orientation (localities 17, 31, 33, 39,
and 14, 15, 35, respectively), (2) grains of andalusite,
as well as sillimanite (localities 14, 15, 17, and 35), (3)
halos of muscovite which rim several grains of anda-
lusite (localities 14 and 15) and garnet (locality 14), (4)
oscillatory zoning in plagioclase laths (fig. 5F) (locali-
ties 17, 31, and 33), (5) highly perthitic potassium
feldspar (localities 14, 15, 17, 31, and 33), or (6) devel-
opment of myrmekite along the margins of some pla-
gioclase grains (localities 14, 15, 17, and 33).

At three localities, field relations suggest an in-
trusive relationship: samples from localities 14 and 15
were collected from rocks which cut the surrounding
sillimanite gneiss, and the sample from locality 31
was taken from a knoll of granitic-appearing rock
which crops out in the center of the gneiss body. Three
other samples (localities 17, 35, and 39) were collected
from areas of granitic-appearing rubble in which
more gneissic rubble is also present. Information
about the geologic setting of the sample from locality
33 is not available. The origin of these aluminum-
silicate-bearing, equigranular rocks is discussed later
in this paper.

PELITIC SCHIST

Biotite and muscovite in well-formed books are
the major constituents of the schistose rocks. Sheaves
of both micas, 1 to 3 mm long, typically are inter-
leaved and form continuous folia several millimeters
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TABLE 3.—Representative chemical analyses of biotite

[Analyses by electron microprobe, using natural and synthetic mineral standards and the Z.A.F. matrix correction
program FRAME (Yakowitz and others, 1973). C. R. Bacon, analyst]

Sample- number

U S A
for location)
Crystal rim 1A 1 2 2 1 1 2 1
[ 35.7 35.4 36.7 34.9 35.2 35.3 34.9 35.0
Aly03-==nnnmmmmmeee 20.4 20.3 19.8 21.3 21.3 20.8 20.8 20.1
7, 21.3 20.0 20.4 21.8 20.0 20.5 19.2 21.1
Mg0-=n=mmmcmmmmmaae 8.29 8.29 8.94 7.72 9.05 7.42 7.99 7.76
Ca0-mmmmmmmmocmcaen .04 .07 .02 .04 .02 .03 .03 .01
Nag0---======mnu-= .16 .17 .21 .16 .31 .19 .17 .15
O 9.18 8.69 8.72 8.73 8.98 9.45 9.16 9.74
Ti0p=-=n==m=mmmnmn- 1.73 1.17 1.31 1.40 .90 2.88 2.41 2.97
11110 I .13 .04 .15 .14 .08 .31 .28 .27
6 P RS .01 .02 .02 .02 .00 .01 .00 .00
P .27 .32 .26 .22 .32 .17 .25 .22
L 3.85 3.74 3.86 3.84 3.82 3.90 3.82 3.87
Less 0----mmmmmmamm .12 .14 11 .10 .13 .07 a1 .09
Totale-e-a- 100.94 98.07 100.28 100.17 99.85 100.89 98.90 101.10

Mineral formulae on the basis of 24 anions

Siemememmmmsanaaan 5.350 5.415 5.491 5.277 5.297 5.295 5.302 5.269
L T 3.603 3.660 3.491 3.796 3.777 3.677 3.724 3.566
F@emmmenmmmcmccaans 2.670 2.559 2.552 2.757 2.517 2.572 2.440 2.657
Mg==me o mmmee e 1.852 1.891 1.994 1.740 2.030 1.659 1.810 1.742
Ca---mmmmmmmmee oo .006 .011 .003 .006 .003 .005 .005 .002
Na=wemmmmmeecccaaan .046 .050 .061 .047 .090 .055 .050 .044
Kemmmm e ecaee 1.755 1.696 1.664 1.684 1.724 1.808 1.775 1.871
Tieammmmmmmmmmee e .195 .135 .147 .159 .102 .325 .275 .336
Mnemmm e eeen .017 .005 .019 .018 .010 .039 .036 .034
Clommmmmmm e memem .003 .005 .005 .005 .000 .003 .000 .000
Foemmmmrm e .128 .155 .123 .105 .152 .081 .120 .105
Temperature ocd .- 549 541 540 601 592 655 678 721

3giotite inclusion in garnet 2.
brotal Fe as Feo.
EHgO calculated assuming full hydroxyl site occupancy and no ferric iron, with OH equal to 2-F-C1.

ﬂEqui]ibration temperature for coexisting biotite and garnet calculated from Ferry and Spear (1978).
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are presented in table 5. The highest temperature
garnets tend to have relatively low Ca and high Mn
values, and the Ti in biotite seems to increase with
temperature. All of the samples fall within or close to
the compositional limits of the calibration of the geo-
thermometer given by Ferry and Spear (1978).

Cores and rims of three garnet porphyroblasts
were analyzed. In the two garnets for which the high-
est temperatures were calculated (77AWr150D and
76AFr4115A, table 4), there was a decrease between
cores and rims in Fe, Mg, and Ca and an increase in

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY

Mn, whereas for the lower temperature sample
(77TAFr46E), all the trends were reversed except for
that of Ca. Insufficient data preclude generalization
about the zoning trends which may be present in the
garnets. Inclusions in garnet, identified by micro-
probe, are (in decreasing order of abundance): quartz,
ilmenite, rutile, and rare pyrite.

Estimated temperatures (table 5) for garnet-
biotite pairs (in direct contact and in apparent textur-
al equilibrium) within a single one-inch-diameter pol-
ished thin section agreed to better than 20°C in almost

TABLE 4.—Representative chemical analyses of garnet

[Analyses by electron microprobe, using natural and synthetic mi
(Yakowitz and others, 1973). C. R. Bacon, analyst]

neral standards and the Z.A.F. matrix correction program FRAME

Sample number

XU O O
for location)
Crystal 1 rim 1 core 1 rim 2 rim 3 1 rim 1 rim 2 core 2 rim 1 core 1 rim
$i0p-==-m=mommmmome 37.8 37.3 37.6 37.3 37.5 37.6 37.1 37.8 37.3 37.5 37.6
Aly03-mmmmmmmmmeen 21.3 21.2 21.4 21.1 21.3  21.2 20.8 21.8 21.4 21.4 21.2
. 34.7 34.5 35.4 31.7 33.6  34.9 31.4 32.0 30.8 31.5 31.1
Mg0--mmmm e 2.22 1.20 2.35 2.22 2.28 2.95 2.51 4.04 2.99 3.10 2.94
Ca0-------==mcunum- 4.62 6.72 3.99 2.73 4,17  3.39 1.27 1.86 1.31 1.42 1.54
Nay0-=--=-====--=---- .02 .02 .02 .01 .02 .01 .01 .01 .01 .01 .02
Ti02 --------------- .09 .09 .10 .02 .06 .05 .05 .05 .03 .02 .04
Mn0----mm e m e .62 .75 .33 5.69 2.58 .30 7.69 3.23 6.42 5.78 6.66
Total-------- 101.37 101.78 101.19 100.77 101.51 100.40 100.83 100.79 100.26 100.73 101.10
Mineral formulae on the basis of 24 oxygens
N R 5.999 5.940 5.982 5.988 5.964 6.007 5.979 5.979 5.986 5.990 5.998
Alemmmmmm e 3.984 3.979 4,012 3.992 3.992 3.991 3.950 4.064 4.048 4.029 3.986
Feemmmmmmmmacceeae 4.606 4.595 4.710 4.256 4.469 4.663 4.232 4.233 4.134 4,208 4.149
Mg-mm e .525 .285 .557 .531 .540 .703 .603 .953 .715 .738 .699
Ca--mmomommmemem e .786 1.147 .680 .470 711 .580 .219 .315 .225 ".243 .263
Na--mm=mmmm e mm e .006 .006 .006 .003 .006 .003 .003 .003 .003 i003 .006
Timmemesmmmmmmrne .01 .01 .012 .002 .007 .006 .006 .006 .004 .002 .005
L .083 .101 .044 774 .348 .041 1.050 .433 .873 .782 .900
Temperature 9C&-- 549 541 540 601 592 655 678 721

SGarnet analyzed adjacent to biotite inclusion.

brotal Fe as Fe0.

SEquilibration temperature for coexisting biotite and garnet calculated from Ferry and Spear (1978).



SILLIMANITE GNEISS DOME, YUKON CRYSTALLINE TERRANE, ALASKA

all determinations and to within 10°C in over half of
the determinations. No reliable temperature esti-
mates were obtained for the two samples (7T6AFr272A
and 77AWr387C) that contain all three aluminum sil-
icate polymorphs, because the garnet-biotite pairs
analyzed were not totally fresh and appeared not to be
in equilibrium with each other and the surrounding
phases. The textural and mineralogical similarity
between these two andalusite-kyanite-sillimanite-
bearing samples and the five other samples of pelitic
schist (three of which contain more than one Al;SiOs
polymorph) for which temperature data were consis-
tent (table 5) suggests that equilibrium conditions in
which andalusite, kyanite, and sillimanite are stable
together may indeed have existed locally.

Agreement between garnet-biotite temperatures
calculated from Thompson’s and Ferry and Spear’s
calibration is generally good, agreeing to within 15°C
for over half the determinations and to within 30°C
for all but a few determinations. Agreement is not as
good, however, between the former two calibrations
and that of Goldman and Albee; most temperatures
calculated to the latter’s calibration are lower by
about 30°C to 80°C. In general, there is better agree-
ment between Goldman and Albee’s calibration and
the other two calibrations (table 5) in pelitic schist
than there is in the higher temperature sillimanite
gneiss. Ghent and others (1979) reported similar good
agreement between temperatures calculated from the
calibrations of Thompson (1976) and Ferry and Spear
(1978) and poor agreement between those two calibra-
tions and that of Goldman and Albee (1977). Goldman
and Albee (1977) suggest that the source of a possible
problem with their calibration might be inaccuracies
in the experimental calibration of oxygen-isotope
fractionation (with which their calibration is corre-
lated) at higher temperatures. Ghent and others
(1979) argue that the poor agreement could also be
due to cessation of 180/160Q exchange at lower tempera-
tures than those permitting Fe/Mg exchange.

The temperatures reported here for garnet-
biotite equilibration are based on an assumed pres-
sure of 0.4 GPa, but because exchange equilibria are
virtually independent of variation in pressure, the
temperatures change by only about 5° per GPa for
these samples. Estimates of the analytical precision of
our data, based entirely on microprobe analytical
error, suggest that an uncertainty of £30° is very con-
servative for relative temperatures in this study.
Absolute temperatures, however, may be subject to
greater uncertainty. The rounded averages of
temperature data for garnet-biotite pairs considered
to be in equilibrium are given for the three calibra-
tions in separate columns in table 5 headed “Averaged
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G-A, T, and F-S.” In order to simplify discussion, and
because the averaged temperature data for the Ferry
and Spear and the Thompson calibrations differ very
little in their absolute values, the averaged tempera-
tures calculated from Ferry and Spear’s calibration
are referred to in the text and their areal distribution
is shown in figure 6.

The highest temperature (705°+30°C) was de-
termined for a sample of typical, fine-grained, “salt
and pepper” sillimanite gneiss from the center of the
body (76AFr4115A, fig. 6, tables 2-4). Samples of sim-
ilar gneiss to the west and south yielded slightly lower
temperatures of 655° and 670°+£30°C. Equilibration
temperatures reported for samples of garnet-stauro-
lite-aluminum-silicate-bearing schist (5635° to 600°+
30°C) are appreciably lower than the values deter-
mined for samples of sillimanite gneiss.

DISCUSSION

METAMORPHIC REACTIONS AND ISOGRADS IN PELITIC
SCHIST AND SILLIMANITE GNEISS

STAUROLITE+BIOTITE ISOGRAD

The northernmost isograd shown in figure 2
marks the first appearance of staurolite with biotite.
North of the staurolite+biotite isograd, rocks are
lower in grade (epidote-amphibolite facies, Thompsan
and Norton, 1968), consisting of muscovitetchlorite+
quartztbiotite +plagioclasexgarnet  assemblages.
Because chlorite is common north (downgrade) of this
isograd and is rare south of it (see table 1), the
staurolite-producing reaction which defines this iso-
grad is believed to be one in which staurolite forms at
the expense of chlorite, most likely by the reactions:

chlorite+muscovite — staurolite+
biotite+quartz+H20 1)
(modified from equation 26, Thompson and Norton,
1968), or
chlorite+muscovite+almandine — staurolite+
biotite+quartz+H.0
(equation 22, Thompson and Norton, 1968).

The first appearance of staurolite with biotite
coincides with the first appearances of kyanite, anda-
lusite, and sillimanite. Pelitic schist that occurs up-
grade of this isograd will be referred to as being in
the staurolite-aluminum silicate zone. Within this
zone, andalusite appears to have developed at the
expense of muscovite according to the reaction:

chlorite+muscovitetquartz — andalusite
(or kyanite)+biotite+H,0 (3)
(modified from equation 16, Thompson and Norton,
1968). The presence of needlelike grains of biotite

@
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muscovite are present in most samples of sillimanite
gneiss, the breakdown of muscovite appears to be
incomplete in most of the rocks, and it has not been
possible to map an isograd defined by this reaction.

SILLIMANITE-ANDALUSITE ISOGRAD

The southernmost isograd (fig. 2), which outlines
the southwest margin of the proposed dome, has been
drawn to pass through two localities in which silli-
manite and andalusite coexist in pelitic schist south of
the dome, and between two localities, in one of which
sillimanite oceurs in biotite gneiss north of the iso-
grad and in the other of which andalusite oceurs in
biotite gneiss south of it. If sillimanite and andalusite
are in equilibrium in the rocks in which they both
occur, then this isograd may define the area in which
the physical conditions of metamorphism were such
that the univariant polymorphic reaction andalusite—
sillimanite may have occurred.

PROPOSED ORIGIN OF EQUIGRANULAR ALUMINUM
SILICATE-BEARING ROCKS

The best explanation of the textural and mineral-
ogical features of the equigranular rocks previously
described is that they resulted from synmetamorphic
intrusion of small granitic bodies or dikes. Local plu-
tonism may have occurred as the paragneiss was
being metamorphosed under the temperature and
pressure conditions of the andalusite field. The
andalusite and possibly also the garnet grains in these
equigranular rocks may represent xenocrysts that
were incorporated in a granitic melt that crystallized
before the polymorphic transition from andalusite to
sillimanite took place in the surrounding paragneiss.

Evidence for a plutonic origin of at least some of
the equigranular rocks consists of the oscillatory zon-
ing in plagioclase (fig. 5F) observed in several sam-
ples, the fact that equigranular rocks crosscut silli-
manite gneiss at two localities, and, perhaps, the more
perthitic nature of the potassium feldspar relative to
sillimanite gneiss in most samples and the presence of
myrmeKkite in several samples.

Evidence that deformation and prograde meta-
morphism continued subsequent to intrusion of the
equigranular rocks consists of the development of
crude mineral alinement, incipient cataclastic folia-
tion, and development of some of the sillimanite nee-
dles from biotite or andalusite or both (fig. 5F). As
andalusite was not found in any samples of sillimanite
gneiss in the sillimanite-garnet zone in which the
equigranular rocks occur, it seems reasonable to con-
clude that the andalusite grains, presumed to be

E21

xenocrysts, were metastable under sillimanite-grade
conditions. The halos of muscovite that rim several
grains of andalusite and garnet in two samples could
be interpreted as evidence of the instability of anda-
lusite and garnet in the granitic melt. It is not clear
whether the granitic melt in any of the areas where
equigranular rocks were observed was derived in situ
from partial melting of the gneiss or whether the
magma was derived at greater depth and injected
synmetamorphically. Garnet-biotite equilibration
temperatures for the gneiss are high enough to be
compatible with partial melting, but the inclusion of
andalusite xenocrysts in some of the samples suggests
that the granitic rocks were intruded before the peak
of metamorphism.

PHYSICAL CONDITIONS OF METAMORPHISM

The mineral assemblages in the pelitic schist and
gneiss described in this study are considered to have
been produced by a single metamorphic episode,
although prior low-grade metamorphic events are not
precluded. The only suggestion of prior metamorphic
events in the thin sections studied is the partial
replacement of garnet by biotite, quartz, muscovite,
and feldspar seen in a few samples. This texture
might be considered an indication of two prior meta-
morphic events: one in which garnet was formed, and
a subsequent retrograde event in which garnet was
replaced. However, because there appears to be no
other textural evidence for such previous events and
because unreacted and partially replaced garnets
occur along with the relict garnets in the same thin
section, it seems more likely that this texture resulted
from local late-stage retrograde metamorphism. The
rare examples of coarse mica flakes lying at an angle
to foliation may have grown during the-last stages of
metamorphism, after major deformation of the rocks.

Experimental phase equilibria pertinent to this
study are shown in figure 7. These equilibria,
together with the temperatures calculated from the
relative distribution of Fe and Mg between coexisting
garnet and biotite (table 5), have been used to esti-
mate the range of temperature and pressure condi-
tions that accompanied metamorphism of the pelitic
schist and sillimanite gneiss (shown as a stippled
pattern in figure 7).

Temperatures of 535° to 600°+30°C obtained
from coexisting garnet and biotite in pelitic schist in
the staurolite-aluminum silicate zone are consistent
with the fact that muscovite and quartz coexist in
these samples, whereas K-feldspar is rare (see table
2), and there is no evidence of partial melting of the
schist. Staurolite is also present in many of these
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samples (table 5). Petrologic data from natural as-
semblages (Hietanen, 1973; Carmichael, 1978, among
others) indicate that the triple point is within the sta-
bility field of staurolite in pelitic schist; that conclu-
sion is consistent with our interpretation that anda-
lusite, kyanite, and sillimanite are in equilibrium
within the staurolite-aluminum silicate zone. Exper-
imental determination of the upper stability limit of
staurolitetquartz (e.g., Richardson, 1968) does not
agree with many of the petrologic data reported in the
literature and that experimentally determined limit
has been shown to be located at implausibly high
temperatures (see Thompson, 1976; Carmichael, 1978;
Ghent and others, 1979; Hutcheon, 1979; and Ferry,
1980 for discussion of the problems of staurolite equi-
librium). For this reason, the experimentally deter-
mined staurolite stability field is not shown in figure
7. The temperature range of 535° to 600°+30°C is
based on the rounded averages of temperatures calcu-
lated according to Ferry and Spear’s calibration
(1978). However, use of the equilibration tempera-
tures for pelitic schist calculated from Goldman and
Albee’s calibration (1977) of 520° to 570°+£30°C (table
4) results in better agreement between the estimated
metamorphic temperatures in the schist and the
triple-point temperature of about 500°C (Holdaway,
1971).

0.9 ’—-
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PRESSURE, IN GIGAPASCALS
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TEMPERATURE, IN DEGREES CELSIUS

Fi1GURE 7.—Phase equilibria pertaining to study area. Al;SiOs tri-
ple point (Holdaway, 1971); breakdown of muscovite (mu)+
quartz (qz) (Chatterjee and Johannes, 1974); melting interval
of muscovite granite with excess H:0 (Wyllie, 1977). Best esti-
mate of final pressure and temperature of mineral equilibra-
tion in pelitic schist and sillimanite (sil) gneiss shown by
stippled pattern. Andalusite (a); k-feldspar (kf).
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Pressure during metamorphism of the schist in
the staurolite-aluminum silicate zone would be around
0.36 GPa, on the basis of Holdaway’s triple point
(1971). The absence of kyanite from pelitic schist in
the andalusite-sillimanite zone southwest of the pro-
posed dome suggests that pressure conditions may
have been slightly less or temperatures slightly
greater in this area, relative to conditions in the
staurolite-aluminum silicate zone north and east of
the gneiss body. The disappearance of andalusite
northeast of the andalusite-sillimanite isograd ap-
pears to indicate an increase in pressure and (or)
temperature conditions northeastward toward the
gneiss body, similar to an increase in metamorphic
grade toward the gneiss that is documented in pelitic
schist north and east of the sillimanite gneiss.

During metamorphism of the sillimanite gneiss,
temperature conditions increased toward the center
of the body from 655°+30°C to 705°+30°C. The scar-
city of muscovite near the center of the gneiss dome
and the ragged appearance of the muscovite, sugges-
tive of instability in rocks in which potassium feld-
spar is also present, agree with an estimated maxi-
mum temperature limit near and probably above that
at which the breakdown of muscovite+quartz occurs
(Chatterjee and Johannes, 1974). The temperature
and mineral-assemblage data, combined with exper-
imental data (fig. 7) and the migmatitic appearance
of the gneiss at several localities, suggest that some in
situ melting of the gneiss may have occurred. Peg-
matite and felsic dikes, which are common locally in
the gneiss body, are also possible evidence of partial
melting.

The pressure during metamorphism of the gneiss
body is more difficult to estimate. An upper pressure
limit of about 0.8 GPa is required because of the
absence of kyanite in all the assemblages. A more
reasonable pressure estimate is provided by the com-
bination of the assemblages cordieritetbiotite+
AlSiOs and garnet+biotite+Al,SiOs, which, accord-
ing to Hess (1969), suggests a range of 0.3 GPa (at
590°C) to 0.6 GPa (at 710°C). Stability relations of
Fe-Mg cordierite with potassium feldspar deter-
mined for conditions of muscovite-quartz instability
in high-grade pelitic rocks (Holdaway and Lee, 1977)
indicate that a pressure range of about 0.2 to 0.5 GPa
(depending on the distribution of Fe and Mg between
cordierite and biotite and the estimated Py,q) cor-
responds with the temperature range determined for
the sillimanite gneiss.

The mineral assemblages that consist of several
combinations of the aluminum silicates, staurolite
and garnet in the quartz-mica schist are characteris-
tic of the Idahoan-type metamorphic facies series de-
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scribed by Hietanen (1967) and the low-pressure
intermediate group facies series of Miyashiro (1961).
The assemblages sillimanite+orthoclase+muscovite+
garnet and sillimanite+cordierite+orthoclase+musco-
vite in the gneiss are also compatible with those facies
series.

CONCLUSIONS

The possibility that the sillimanite gneiss body is
a gneiss dome was previously postulated (Foster and
others, 1977b) on the basis of mapped relations, such
as the distribution of high-grade metamorphic rocks.
The petrography and geothermometry presented in
this paper support the gneiss dome hypothesis. Evi-
dence that the large body of sillimanite gneiss and
schist (between the staurolite-out and andalusite-
sillimanite isograds) is a gneiss dome consists of the
following: (1) the topographic expression of a circular
area with a radial drainage pattern, (2) the general
outward dip of foliation (see fig. 2), (3) the increase in
metamorphic grade from a staurolite-aluminum sil-
icate zone on the north and east and possibly an anda-
lusite sillimanite zone on the southwest to a silli-
manite-garnet zone (fig. 2) and the breakdown of
muscovite+tquartz in the central part of the body, and
(4) the increase in equilibration temperatures from
those for pelitic schist flanking the proposed dome
(535° to 600°+30°C) to those for sillimanite gneiss in
its core (705°+30°C).

The distribution of key minerals and of equilibra-
tion temperatures, calculated on the basis of the rela-
tive distribution of Fe and Mg between biotite and
garnet in pelitic schist and sillimanite gneiss, indi-
cates an increase in metamorphic temperature from
the flanks of the proposed gneiss dome to its core.
Pelitic schist that flanks the gneiss on the north and
east equilibrated at temperatures in the range of
about 500° to 630°C. Locally, metamorphic conditions
were probably close to those under which all three
aluminum silicates are stable. Rocks composing the
gneiss dome equilibrated at temperatures in the
range of about 650° to possibly as much as 730°C.
Partial melting of the pelitic rocks in the center of the
dome may have occurred locally. Synmetamorphic
intrusion of equigranular aluminum-silicate-bearing
rocks probably took place while metamorphic condi-
tions were in the temperature-pressure field for the
formation of andalusite as the stable aluminum sil-
icate polymorph.

Throughout much of the gneiss dome, the silli-
manite gneiss is not truly migmatitic; this, on the
basis of comparison with some gneiss domes in the
Shuswap Metamorphic Complex of British Columbia
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(Reesor, 1970), could imply that deep structural levels
of the gneiss dome core are not exposed. The apparent
gradual transition from sillimanite gneiss to pelitic
schist on the north and east also suggests that the
sillimanite gneiss represents a fairly high structural
level of the dome and may be composed wholly or in
part of mantling rocks.

The relationship of the greenschist facies rocks to
the pelitic schist that flanks the sillimanite gneiss on
the north and east is probably that of a thrust fault.
North of the dome, pelitic schist is separated from
greenschist facies rocks by a zone of cataclastic rocks,
and regional relations suggest that the thrusting is
probably not directly related to the rise of the gneiss
dome.

Other gneiss domes may be present in the Yukon
erystalline terrane. For instance, an unstudied area
about 60 km northeast of the sillimanite gneiss dome,
of topographically high amphibolite facies gneiss and
schist, may have a domal structure. At present, the
sillimanite gneiss dome cannot be related definitely to
structural trends or thermal patterns in the Yukon
crystalline terrane. However, the fact that the gneiss
dome occurs on line with the general trend of augen
gneiss batholiths in east-central Alaska and Yukon
Territory suggests the possibility that metamorphism
of the gneiss dome and intrusion of augen gneiss
occurred in response to the same set of thermal and
tectonic conditions. This genetic relationship is also
suggested by U-Pb isotopic studies that indicate a
Mississippian intrusive age for the augen gneiss
batholith southeast of the gneiss dome (Aleinikoff and
others, 1981a) and a possible, albeit poorly con-
strained, Mississippian metamorphic age for the
gneiss dome (Aleinikoff and others, 1983a). Further
study of the para-and ortho-gneisses in the Yukon
crystalline terrane is necessary in order to evaluate
the significance of the general trend defined by the
augen gneiss batholiths and to better understand the
structural and thermal history of this terrane.
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